Developmental cortical malformations are associated with a high incidence of drug-resistant epilepsy. The underlying epileptogenic mechanisms, however, are poorly understood. In rodents, cortical malformations can be modeled using neonatal freeze-lesion (FL), which has been shown to cause in vitro cortical hyperexcitability. Here, we investigated the therapeutic potential of gabapentin, a clinically used anticonvulsant and analgesic, in preventing FL-induced in vitro and in vivo hyperexcitability. Gabapentin has been shown to disrupt the interaction of thrombospondin (TSP) with α2δ-1, an auxiliary calcium channel subunit. TSP/α2δ-1 signaling has been shown to drive the formation of excitatory synapses during cortical development and following injury. Gabapentin has been reported to have neuroprotective and anti-epileptogenic effects in other models associated with increased TSP expression and reactive astrocytosis. We found that both TSP and α2δ-1 were transiently upregulated following neonatal FL. We therefore designed a one-week GBP treatment paradigm to block TSP/α2δ-1 signaling during the period of their upregulation. GBP treatment prevented epileptiform activity following FL, as assessed by both glutamate biosensor imaging and field potential recording. GBP also attenuated FL-induced increases in mEPSC frequency at both P7 and 28. Additionally, GBP treated animals had decreased in vivo kainic acid (KA)-induced seizure activity. Taken together these results suggest gabapentin treatment immediately after FL can prevent the formation of a hyperexcitable network and may have therapeutic potential to minimize epileptogenic processes associated with developmental cortical malformations. © 2014 Elsevier Inc. All rights reserved.
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Introduction
Developmental cortical malformations, such as polymicrogyria and cortical dysplasia, are a group of neurological disorders with a high incidence of intractable epilepsy (Takano et al., 2006) . They are characterized by areas of anatomically disorganized cortex that often evolve into a seizure focus (Leventer et al., 2010) . The mechanisms by which these lesions contribute to the onset of seizure activity, however, are poorly understood. To investigate the pathophysiology of cortical malformation, we have utilized the neonatal freeze-lesion (FL) model, which reproduces key features of polymicrogyria including structural abnormalities and cortical hyperexcitability (Jacobs et al., 1996; Luhmann et al., 1998a,b) . Briefly, on the day of birth (P0), mice are anesthetized and a freezing probe is applied to the surface of the skull. This results in the formation of a microgyrus at the site of lesion.
Epileptiform activity can be evoked in the region adjacent to the lesion (paramicrogyral zone; PMZ) in acute brain slices after a 10-to 11-day latent period (Jacobs et al., 1999) . Spontaneous seizures have not been reported in the FL model (but see Kamada et al., 2013) but numerous changes in network connectivity and excitability have been reported (Jacobs and Prince, 2005; Scantlebury et al., 2004) .
A number of lines of evidence specifically implicate increased glutamatergic signaling in the pathophysiology of FL-induced hyperexcitability. Increased excitatory input onto both interneurons and pyramidal cells in the PMZ were first reported in the FL model after P14, when acute cortical brain slices generate epileptiform responses (Jacobs and Prince, 2005) . Importantly, later studies went on to show that increased excitatory input onto layer V pyramidal cells is present before the onset of epileptiform activity. This supports the hypothesis that network level changes occur during the latent period, before the onset of hyperexcitability at P14 (Zsombok and Jacobs, 2007) . Changes in glutamate receptor expression and localization have also been reported in the FL model (Hagemann et al., 2003; Defazio and Hablitz, 2000; Zilles et al., 1998 
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